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ABSTRACT

* This report outiines objectives and test requirements for wind
tunnel testing of several protuberances unique to the MOL vehicie.
An important feature of the testing program is the investigation
of heating rates on protuberances wholly or partially submerged
in a boundary layer. In order to achieve a thick boundary layer,
the models are mounted on the floor of the tunnel. A thin,
instrumented plate replaces the ordinary tunnel floor plates,
in order to investigate the disturbances caused by the protuberances
on the surrounding flow fields. A wake heating region of at least
35 inches will be available.

The protuberance models and the metric floor plate are constructed
of thin nickel shells 1/16 inch thick. Heat transfer data will be
collected by applying thin skin temperature response technigues. .
Half scule models of the VVSA, thrustor, ESE fairing, and VVSA-
thrustor combination will be tested.

“The models will be tested at Mach numbers of 2.5, 3.0, 3.5, 4.0,

4.5, and 5.0 and unit Reynolds number will be varied to the limits

of the tunnel and structural limits of the models.{jghp Mach number
range corresponds to the period during the flight trajectory of most
severe heating (60 to 160 seconds after liftoff). The Reynolds number
range will be higher than flight Reynolds number because of tunnel
limitations. With the exception of the asymmetric fairing, the models
will be yawed up to 2h°; flight pitch programs cannot be simulated

except by varylng Mach number and other tunnel parameters.
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Data will be presented primarily in the form of ratios of heat transfer,
h/ho, and preasure, P/Po, where subscript o refers to flat plate data.

Plots will be made of boundary layer stream velocities, pressures,

and Mach numbers. Temperature-time responses of the nickel shells

and variations of h/ho along the tunnel centerline will be plotted.

In addition, values of h/h° and P/Po for the floor instrumentation will
be printed on plan schematics. Shadowgraphs will be taken of the
protuberances and surroundizg flow fields. ;

DESCRIPTORS 3

Heat Transfer

Protuberance
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PREFACE

The MOL Protuberance Heating Test will be conducted in March 1968
for the Alr Force Space Systems Diviaion under Contract Number
FO4695-67-C-0079. An outline c¢f the protuberance heating test
was provided in Section 5 of SAFSL Exhibit 21010. A pretest
report is required in the contract data requirements under line
item 1ALl, data item No. UP-135.

The test will consist of three phases. Phase I will be a boundary
layer survey of the tunnel floor, which is necessary to establish
boundary layer thickness because the tunnel geometry for this test

is unusual. Phase II will establish heating characteristics and
pressure distributions on the floor with no protuberances. Phase III
will consist of data collection on the protuberances, and the effect
of the protuberances on the floor flow fields and heating rates.

Part of the test plan was previously presented in reference 1.

Pl L
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: 1.0 XNTRODUCTION §
1 1.1 MOL Protuberance Heating Test
E The protuberance heating test will be conducted at the Douglas Aero-
physics Laboratory, El Segundo, California in the Four-Foot %Trisonic

Wind Tunnel at supersonic Mach numbers wiih the tramsonic cart
installed in the tunnel circuit. Wwind tunnel models will be tested
at Reynolds numbers as close to flight Reynolds numbers as can

be attained.

e , ’

1.2 Test Objectives

3 The primary objective of the test is to determine the aerodynamic

] : heating rates and their distributions on the MOL protuberances, and

: on the skin and structures surrounding the protuberances. Other
important objectives are to evaluate the effects of the protuberances
on the surrounding viscous and inviscid flow fields, and compare to
flat plate heating distributions and flow fields. There will be an
opportunity to study wake heating effects for at least 35 inches
behind the models. It is anticipated that a systematic approach to
predicting inflight temperature histories on protuberances will

develop from this test.

1.3 Implementation

Even though the MOL vehicle will attain Mach nurbers as high as 11,
the local Mach numbers around the protuberances will not exceed 5
during the time of peak heating, so a complete test program can bhe
conducted at supersonic Mach numbers. The expected peak heating
region is illustrated in figure 1.

The Douglas Aerophysics Laboratory Four-Foot Wind Tunnel is of the
intermittent blowdown type. The operating envelope available for this

test is shown on figure 2. This envelope is based on preliminary tests

run to verify the feasibility of testing the large models with the

unusual tunnel geometry necessary for this test (as explained subsequently).
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The envelope is limited from running below Mach 2.5 because at that

point the flow is blocked by the cooling shoe used to protect the

model during start. The maximum total pressure and dynamic pressure

are determined by the structural limitations of the model and usable, 3
available run times, Resulting test conditions are included in

table 1. Comparisons of test and flight Reynolds number and boundary

layer thicknesses are also presented in figure 2.

1.4 PFacility Scheduling

Tunnel modification was begun in January 1968. Because of heavy scheduling
commitments, it will be necessary to conduct the boundary layer survey

as a separate test using solid plates in the floor instead of the metric
floor plate. An intervening test will be included between the boundary
leyer survey and primary test (Phase II). :

Installation of the primary test will begin in early February, and will

take several wveeks. Testing is expected to begin on or near March 25.

TR s
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2.0 MODEL DESCRIPTION

2.1 General Design Criteria

e A U LT T+ e

Heat transfer models built for applying skin temperature response
technia~es for gathering data are designed to meet several criteria,

but of thease probably the most important are the skin material and

LB thickness. The material and thickness were selected to meet the Yollowing
’ criteria:

<.0.1

=g

If the Biot Modulus is small, the errors due to tempersture gradients

through the skin will be diminished,

o+ e g ek o

2 10

s
U
2ol8

The Fourlier Modulus is a measure of the degree heating effec!s have
penetrated the skin, so in order for there to be good thermocouple
response, it must be large.

The overall result from designing to the above criteria is to minimize

errors due to temperature gradients through the skin and errors caused

é by surface conduction from one part of the model to another. A material
thickness meeting the above criteria was too thin for some model parts,

sc ihe thermal design had to be compromised in order to meecv the strength

requirements. All model and floor plate skin thicknesses were set at 1/16

8 inch nominal, and the material chosen for all parts was nickel.

References 2, 3 and 4 expand on the subject of heat “ransfer model design.

I R R -




2.2 Metric Floor Plate

2.2.1 General Configuration

The metric floor plate assembly is made up of three basic members. The
center section consists of a 41 1/4 inch diameter turntable, which is
necessary to yaw the smaller models.

Forward and aft skin sections extend the metric plate to 48 inches
wide by 117 inches long. All members mcunt on insulative supports,
which in turn mount to the tunnel stringers, the floor support structure.

2.2.2 Turntable

The turntable basically consists of four sections. The metric skin is
heavily instrumented with pressure taps and thermocouples. Cutouts in
the surface provide access to model mounting structures underneath.

An insulative support mounts the ~%in to a base plate. The base plate
provides suppert for the overall a: sembly, and provides attachments to
tunnel support structure. The joint between the turntable and other
skin members will be filled before each run to diminish the possibility
of the joint causing a weak shock. The turntable will yaw through - 24°,
The clearance gap around the skin is sealed from the transonic cart plenum
with an "O" ring. Thermocouple and pressure tap patterns are provided
in figure 4 snd table 3.

2.2.3 Forward and Aft Skin Sections

The forward and aft metric floor plate section mount to tunnel support
structure through insulative supports. Floor insulative supports and
the one for the turntable are cut away wherever they are not bearing
or wherever strength is not needed in order to contact the skin as
little as possible (according to reference 4, the best insulator on
the underside of a thin skin model is dead air). The instrumentation
leyouts and general dimensions are shown on figures 5 and G and tebles
4 and 5.
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2.2.4 Convection Shield

A convection shield mounts betveen each stringer under the metric floor
plate assembly. This eliminates convection under the plate and provides
suppcrt for a network of tubes that will supply the liquid nitrogen for
preccoling. The shields are constructed of sheet aluminum.

2.3 Thrustor Assembly

The thrustor assembly to be tested is shown on figures T and 8. The
model will mount on the turntable at tunnel station 155 as shown on
the installation drawing, figure 3. The pressure taps are located
on one side of the model, and thermocouples on the other. By taking
advantage of the symmetry of the model, a ccmplete analysis can be
made of both windward or leeward sides by yawing in doth plus and
minus directions. The thrustor assembly will be yawed to O°, ht 12°;

and + 24°,

The shell is reinforced by insulative bulkheads, one longitudinally
positioned on the € , and others transversely so that unsupported
sections of the skin do not exceed a square of 3 inches on a side,
in an attempt to hold deflection of the surface to 0.005 inch. The
back mounts separately as do both contigucus and outboard nozzles.
The module mounts on a base plate which mourts to the substructure

under the turntable skin.

The thrustor and other models have & system of copper tubing routed

to various parts of the interior. A standerd pipe fitting is provided
on the bottom of the base plate to accept the liquid ritrogen supply
for precooling the model.

An instrumented wake length of 37 inches will be available for investigaticn.




2.4 VVSA - Thrustor Combination

The VVBA to be teated is snown on figures 9 and 10. The model will mount

on the turntastle at tunnel station 148 as shown on figure 3, and wlll be run
only concurrently with the thrustor. As was the case with the thrustor,
the VVSA is internally strengthened with insulative bulkheads, has thermo-
couples on one side, pressure taps on the other, and has a system of tubes
for accepting liquid nitrogen. The model is mounted on a base plate. The
VVSA - thrustor combination will be yawed to 0°, + 12°, and + 24°. A wake
length of 37 inches will be available as with the thrustor alone.

2.5 Asymmetric Model

The asymmetric model is shown on figures 11 and 12. As was the case with
the other two models, the interior is reinforced with bulkheads, the

model mounts on a base plate, and is internally cooled. Flight trajectories
for the MOL vehicle indicate it is not necessary to yaw this model. The
tunnel on the side makes the model unsymmetrical, so pressure taps and
thermocouples are equally distributed. The instrumentation is concentrated
negr the tunnel because the other surfaces are similar to model geometries
of several previous wind tunnel tests.

The model leading edge will mount at tunnel station 125, and a wake
heating length of 35 inches will be available.

Seisuelucttl bR
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3.0 FACILITY INSTALLATION

3.1 The Douglas Aerophysics Laboratory Four-Foot Trisonic Wind Tunnel

The Douglas Aerophysics Laboratory Four-Foot Trisonic Wind Tunnel is
well suited for the MOL protuberance test for two reasons. First,
it is an intermittent blowdown tunnel. The tunnel can be started
and brought up to steady-state conditions abruptly, and the shoe
will protect the model during this brief period of unstable flow.
Thus the temperature shock is essentially a step input, and can be
treated that way in data reduction without appreciasble error. By
contrast, if this model were floor mounted in a continuous tunnel,
the temperature step input would be accomplished by increasing the
tunnel freestream total temperature. Ordinarily, this means the
variation of total temperature must be considered in data reduction

to avoid significant errors.

The second consideration that makes the Four-Foot Tunnel attractive
for this test is the flexibility in model design and the thick boundary
layer made possible by the transonic cart.

3.2 The Four-Foot Wind Tunnel Transonic Cart

The transonic cart is a removable section of the tunnel that ordinarily
performs several functions:

a. The test section is extended from 5 to 12 feet long.

b. Walls are covered with perforated steel plates to help
diminish the wall boundary layer thickness and wesken
shocks impinging upon them.

¢c. A plenum surrounding the test section is connected upstream
and downstream to the main ailr flow through large, remotely
controlled butterfly valves. These valves control the amount
of air bypassing the test section, and are thus i3ed to vary
the Mach number during transonic operation. There are approxi-
mately 14 inches between the perforated plates and the plenum
outerwall.




For this project, the transonic cart will be retained in the tunnel

circuit during a supersonic test for several reasons:

1. The extra length of test section is needed to thicken the
boundary layer.

2. The perforated plates may be replaced with an unperfoiated
rlate, the metric floor plate, facilitating mounting the
models. (It is not possible to mount models this way in
the supersonic section without damaging either the sidewalls
or the flexible nozzle). The support structure for the perforated

plates, the tunnel stringers, are also used for mounting the model.

3. The plenum provides a means of access underneath the floor plate
and models. The plenum can also be used to mount auxiliary
equipment, such as the shadowgraph system and the LN2 supply,
and it provides a space for routing model instrumentation leads.

3.3 Modifications to the Transonic Cart

A convection shield (already mentioned) consisting of sections of sheet
aluminum will be mounted tetween the stringers, and a few inches below the
metric floor plate.

The tunnel stringers will have to be shortened near tunnel station 160 in
order to provide clearance for the turntable.

The perforated plates will be replaced with solid aluminur )lates to stop
ailr from entering the plenum and recirculating, to improve the flow, and
to stop air circulation in the plenum from affecting thermocouple response
by introducing convection losses.

3.4 Hydraulic Shoe

In order to protect the model during start, a hydraulically actuated shoe
had to be designed. This shoe differs from standard tunnel equipment in
that a piston with a 48 inch stroke was necessary {floor to ceiling).

RENATTR s Y
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Ordinary shoes only extend to tunnel centerline. The large size dictated
a stronger shaft than is ordinarily necessary. In order to be most
effective, the shoe was moved six inches forward of its usual position.

3.5 Liquid Nitrogen System

In order to achieve a good temperature rise during a blow, it will be
necessary to chill the models and floor plate with liquid nitrog:n,
since for most Mach numbers the steagnation temperature is close to
ambient. It is anticipated that the LN2 will bring the initial

temperatures down to -75°F.
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4.1 Pressure Taps

Pressure taps are 1/16 x 0.010 inch wall stainless tubing. The
distribution of pressure taps is as follows (also refer to figures

5-13):

Forward Flocr Skin 6
Turntable T7
Aft Floor Skin 13
Asymmetric Fairing 24
Thrustor Assembly 31
VVSA 37

The pressures will probably be connected to two banks of scanni-
valves (model D), each having five modules, with one port of

each module reading a reference pressure. However, 1t is possible
that tunnel personnel will select another type of pressure scanner.
The longest lag time (for a tube 102 inches long) will be about 2 1/2
seconds. Pressures on the metric floor plate will be close to free-
stream static. Maximum model pressures will approach 20 psia (ramp

on the thrustor, leading edge of the VVSA, tunnel on asymmetric model).

4.2 fThermocouples

Copper-constantan thermocouples (0.012 inch diameter) are welded to
the inside of the skin at the locations indicated in the figures. The
small gage wire is necessary to minimize errors resulting from heat
conduction along the wire.

All of the wire used in the model has been certified by Revere Corporation
t0 have the following outputs:

10
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Temperature Enf
-100°F -2.575 mv

4 -300°F 6.637 mv

T

Certificates are on file in company receiving records. Each wire
and pair are insulated with nylon. Thermocouple distribution
among the model parts is as follows:

Forward Floor Skin 27

; Turntable 152
‘ Aft Floor Skin 2k
; Asymmetric Fairing 58
Thrustor Assembly 29
‘ VVSA 34

Thermocouples are connected to a Pace Engineering Company reference
Junction operating at 150° + O.2°F.

L.3 Nickel

The nickel used for the model shells was electroplated. The nickel
used for the metric floor plate was sheet stock (half hard).

ELE Both types of nickel are estimated by the mar facturers to contain

¢ less than 1% impurities. However, thermodynamic propsrties will
. be measured at room temperature as a check. Standard tables providing
the variation of thermal properties with temperature will ultimately
be used in data reduction.

11




5.0 DATA REQUIRED

Data collected will consist of tabulated data, plotted date, and
photographic data (shadowgraphs and installation photographs). The
requirements for each phase of testing will vary. See the appendix
for definitions of symbols used subsequently.

5.1 Tabulated Data

5.1.1 Tunnel Freestream Parameters

Tunnel freestream parameters will be provided for all phases of testing:

TTw: %o PTv, | SR pTcp’ V. M, q. Re/in

5.1.2 Boundary Layer Survey, Phase I

During the boundary layer survey, the parameters under 5.1.1 will be
listed along with &.

5.1.3 Flat Plate Reference Runs, Phase II

During this phase of testing, parameters under 5.1.1 will be provided
along with the following:

T ve t (for a few selected thermocouples),hb, P,

ho and Po will be provided for each thermocouple and orifice, respectively.

5.1.4 Protuberance Testing, Phase IIl

During this phese of testing, parameters under 5.1.1 will be provided
slong with the following:

h, h/h , CP, P/Po, A8

These parameters (except 3) will be provided for each thermocouple and
orifice, respectively.

12
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5.2 Plotted Data

5.2.1 Boundary Layer Survey, Phase I

During this phase of testing the following shall be plotted

P "

- M . R |

N=2/g v i, Py ' T,
p)

for each boundary layer reke pressure tap.

5.2.2 Flat Plate Reference Runs, Phase 11

During this phase of testing the following shall be plotted:
T vs t (for a few selected thermocouples).
In addition, hO and Po will be printed out on a plan schematic of the

floor at each thermocouple and pressure tap, respectively.

5.2.3 Protuberance Testing, Phase IIl

During this phase of testing the following shall be plotted:
T ve t (for a few selected thermocouples)
Xvs h/ho

In addition, h/h_ and P/P° will be printed out on a plan schematiec,

The X plots will be on tunnel centerline only at zero yaw. These plots
will not ex?end over the model.

5.3 Photographic Data

Installation photographs will be taken when requested by the test
director. Shadowgraphs will be taken for each model configuration
and Mach number. The field of view and the spark source locations

are provided on figure 3.

13
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Tatle 1 Preliminary Run Schedule (Sheet 3 of 4)
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Table 1 Preliminary Run Schedule (Sheet 4 of L)

Configura+~ | Run "ﬁw P.r ] ”,‘Bm Egaﬂ’l‘:k‘e; Liéht ST
‘tion No. oo (Deg) T P [Sourc Remarks
r.», r_n_ —— LI ~~‘b-.... ‘s
* l u 66 » 5-0 llo 0 es Y“ lu708 . -
{ 6. +2l P L } L
] 68 % -2k ] !
_;‘ e 0 - -n—‘..np T A " AP S
8 | | | e il ] e
83 | -2k i Last Run | N
1 J '
TABLE 2
MODEL CONFIGURATION SYMBOLS
SYMBOL ] DESCRIPTION
A“k e - —
Ml \ Metric Floer Plate
i
M2 : Asymmetric Model
M, ; Thrustor Assembly
Mh VVSA - Thrustor Assembly Combination

J SO
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Table 3 Instrumenlation Locations for Turntatle Skin (Sheet 1 of 3)

i
z
i THERMOCOUPLES
TC. Mol x | ¥ [re.m] x Uy UTmciWey x| ¥
; 1 -11.000; 416, 19 le.ooo +12.0000 37  1+43.000 | +10.000
: 2 -1.000 J[ 20 }~3.000 38 145.000
RSO L AT
3 +1.000 | 4 1.000 1 29 149.000 1 | .
L +3.000 22 +1.000 , i 40  {+11.000 |
5 "12 0500 +lh‘.000‘; 23 +3-000 | iI l.h]-sA B
L6 110000 4 4ok bsoooo o ] k2 T-17.000[78.0%
' 7 -9.000 { | i 25 F7.000 43 s ool |
8 -7.000 . Jr | 26 19,000 i M 1-11.000
L Bt W ol AR ———- tmSe ! - —-—ﬁ ' - — I H
9 57,000 U727 TW11.000, 5 1-9.000
4+ ,...._. ':M; - _,.13._.,0,..,0.6...:, . r " ...?.-.«-.
|10 }-1.000{ | PR TR e S SR I 4o {=T.000
1 | slooo b [TH 20" Hir, 606 wo.ooq M 13.00 1T
12 49.000 L |l 30 ti5.000 -1.000
{13 #1000 Pl baoop T4 b9 ]41.000
Y 1as.oo0isn.sedp 3 FT-000 | H11:000) 50 li3.000
. 15 | -13.000{+12.000; 33  +5.000 | +10.000| 21 _ 45.000
ff__l,"_ JoHe000p e 3 £3.000 ) f | os2 _l+1.000 ) |
Lap 200l ) L g [ 53 Jg.c00 |
[._J_'§ - .-.:L.QQQM‘L . .f,JL,‘.a.w H'OOO ! ..P 94 413.000; ..

Refer to figure 4 for schematic
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Table 3 Instrumentation Locations for TurntalLle Skin (Sheet 2 of 2)
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Table 3 Instrumentation Lucations for Turntable Skin (Sheet 3 of 3)

PRESSURE TAPS

| R B e T e e e e
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21,900 ~1.000 i 36 +13.000 1-4.500) 63 ~ +3.000 = |
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; "
ll "llOQQO ' } ;é 38 ~'l3‘.QQQ -,64QQQ ; PO ,:.'_9. m.q-, RS SO
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. e - e e e . R
18 0 45 41.000 |-5. 75_01 .12 . 114009_'_-,.*. —
g 000 0 b 46 143.000 Lgooof Ao
20 +13,000 & b7 45,000 | v b3.000 1-14.000
21 ,+15 000 r ;M8 wr.000 1| 15 T . 000 {

L22_419.000. ' k9 w9000 L W g6 oo | !

23 -13.000 -k, 5004 50 (#11.000 i T7 _ $3.000 -16. 000 )

Teh 12,000 -k.000. 51 #13.000 0 | i 18 _ b .| i
25 -9.000 i, 52 415.000 |
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¢
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TABLE 4

INSTRUMENTATION LOCATIONS FOR FORWARD FLOOR SKIN

THERMOCOUPLES
! |
T. C. No. X Y T. C. No. X Y |
I3
1 15,000 +18.000 15 21,750 | +6.000
2 23.000 +14 . 000 16 35,000 42,000 '
3 21.000 | 17 33.000 )
4 19.000 ! 18 31.000 j i
5 31.000 | + 8.000 19 i 29.000
6 29.000 | 20 | 27.000 :
T 27.000 21 ©37.000 0.000
8 25.000 22 35.000
9 23.000 23 ___33.000
10 21.250 | 2h 31,500
11 29.000 | + 6.000 25 33.000 -2.000 3
12 27.000 o 26 31.000 |
13 25.000 27 29.000 !
1k 23.000
:
PRESBSURE TAPS i
P. T. No. X Y P. T. No. X Y
1 33.000 +6.000 Ly 27.000 -2.,000
2 31.000 1 5 23.000 { :
3 35.000 -2.000 6 15.00 -18.000
&
Refer to figure 5 for schematic
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|
A TABLE 5
-
’ INSTRUMENTATION LOCATIONS FOR AFT FLOOR SKIN
THERMOCOUPLES
: T. C. No. X Y T. C. No. X Y
,
! 1 28.000 | +14.000 13 . 000 +2.000
] 2 36.000 | i 24,000 0.000
3 41,000 ' 15 26.000 o
Ly 21.000 | +6.000 16 28.000 ;
5 | 28,000 17 30.000 |
6 36.000 18 32,000
T L. 000 19 3%.000
‘ 8 24.000 | +2.000 20 36.000
, 9 28.000 21 38.000 |
1 10 ~ 32,000 22 40,000
1] 3000 | 1 - 23 42,000
12 40.000 T 2~ L1, 600
l
PRESSURE TAPS
. P.T. M. X | ¥ P.T. No.i X | Y
1 24.000 | -2.000 8 | 28.000 | -6.000
2 28.000 | 9 | 36.000 i
3 32,000 | 10 " 41,000 r
n '36.000 n 28.000 -1k .000
2 40.000 i 12 36.000
6 I, 000 ! 13 Lk , 000
7 21.000 -6.000

See figure 6 for schematic
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FLIGHT PROTUBERANCE HEATING RATIO

80 3EC.
"O‘-
NOTE:,
%W\C\‘: h—‘.CR\N
= 4120 Btu/he §1*
T\N= O°F
windword cide
WO SEC.
\
Windward side )
0.4 90° from windwaw«d \
s\de
\
16O SEC:
0.2 140 SEC.
Q0 T T T )
[ 2 3 A S

LOCAL MACH NO

FIGURE 1. MOL Flight Protuberance Heating History
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FIGURE 3. Schematic of Model Installations in Douglas Aerophysics
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NOTE: Cutouts are for mounting models.
See table 3 for instrumentation locations.

FIGURE 4. Turntable Skin
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NOTE:

See table 5 for instrumentation locations

FIGURE 6. Aft Floor Skin
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FIGURE 7. Thrustor Assembly Model Basic Dimensions
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FIGURE 8. Thrustor Assembly Model Instrumentation locations
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VVSA Model Basic Dimensions
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Asymmetric Model Instrumentation locations

FIGURE l12.
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APPENDIX I

EQUATIONS AND DEFINITIONS OF SYMBOIS

EQUATIONS

Heat Transfer Calculations

If it is assumed that there are no losses to the environment such that
all heat into the model 1s stored in the skin, the heat transfer rate
can be expressed as

4T

From the definition of heat iransfer coefficient, and using q from the
above equation,

T is a temperature calculated at the midpoint of a quadratic determined
from 21 consecutive thermocouple measurements.

Equations for some of the symbols used above:

_ sin 8
Fo © 7B
tan &
F, = Z
1,2
ﬂ = [-1.5 +4/2.25 +3A
| wd C _Q_T_ g
fl.‘a‘w - Tv dt k
T = T(1+o.2 (0.89)142 )
aw
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APPENDIX I CONT'D

In addition to the above value of h, a theoratical value will be
calculated from

U;:C%bo

©
L)
8D

Cf is & local turbulent skin friction coefficient thet will be

calculated by the Spalding-Chi method, reference 5

This will probably be used as & reference to compare with test data
and to calculate h/n  during the test (final data reductions would
use the h data collected during the test).

The parameters Fh’ Fq, etec. are used to account for tempergture

gradients through the skin thickness. Development cf these is
provided in reference 3.

Boundary Layer Survey Calculations

During the boundary layer survey, several freestream parameters will

be calculated and printed out using PT » T and Mp and NACA 1135
L oo

equations. In addition, the adiabatic wall temperature Taw will be

calculated using the equation in the previous section.

For each of the probes in the boundary layer reke P!, Mg’ Tj’ TTJ’ Ud,

(pu)J, and (qu)J will be calculated. Equations to be used are as

follows:

If the measured pressure at one probe is P!, M, can be calcuiated from

J
the following:

-7/2
=<1+M2 if Pw < .5283
J

ld
X
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. APPENDIX I CONT'D
7/2 5/2 ;
: 2
Py o= <6“1 > < 6 ) if Pw > .5283
B 5 m"'_da m ?

The latter is the Rayleizh supersonic pitct Tormula for A = 1.L,

RPNy PP ]

bl 4%

The static temperature at each pressure probe is then

Hysennns

[ N
2 2 2 i
- - / / H
<&aw Tw> fl + <Taw Tw> {fﬂ) + v Tw 1+ Eg! -(fi\; :
_ T M T M T T \M 3
2[1+[Zan' - (‘fa :
Tm/ M, %
. 4 :
From this point, TTJ’ pJ, and un can be determined from
}é
t = M 1.4 (1T26) T :
p.o= P [1+M° ;
T3 J o §
5
g '
i = e 3 2 0 !
p, = Pw slrg/ft~ if Pw in 1b/ft, T in R {
J ITE T, ;

Calculetion of the Pressure Coefficient

During Fhase III testing, the pressure coefficient for each orifice
will be calculated according to

P-P_
CP = =
- q

where P is the orifice pressure.
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SYMBOLS AND DEFINITIONS

English Alphebet Symbols

Description

Biot modulus

Specific heat

Freestream specific heat >f air

Pressure coefficient

Local turpulent skin frictirn
coefficient

Nickel skin thickness

Fourier modulus

Correction terms for conduction
effects through the skin

Heat transfer coefficient

Protuberance height

Thermal conductivity

Mach number

39

Common Units

Gimensionless
Btu/1b-°p
Btu/1b-°F

dimensionless

dimensionless

it

dimenzionliess

dimensionless

Btu/se-. £t° °F
in

0
Btu/sec £t *

dimensionless

v BB L

o bbb v

SR A

L
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SYMBOLS AND DEFINITIONS CONT'D

English Alphabet Symbols

Symbol

Greek Symbols

Q

P

A B

Subscripts

Description Common Units
Density slug/ft3

Along tunnel G tunnel station inches

Transverse to tunnel inches
Height above floor inches, ft
Thermal diffusivity fta/sec
Yaw, positive to right degrees

lookling upstream
Boundary layer thickness inches, ft.

Correction terms for conduction dimensionless
effects through nickel shell

Density of air slug/ft3

Pertaining to local static condiiion
(except for PJ and P3) at a particular
pressure tap on the boundary layer rake,

J = l, 2, 3-;0 e‘tc-

A0

Sy rEEYAS




SYMEOLS AND DEFINITIONS CONT'D

English Alphabet Symbols

8ymbol Des.ription
N Z/5; pondimensionalized height

above tunnel floor

P Pressure
PJ A local stagnetion pressure
P'J A local stagnatinn pressure behind

a normal shock

q Dynamic pressure

é Heat transfer rate

Re/in Unit Reynolds number

Rex=o Total Reynolds number at metric
plate leading edge, or tunnel station
106.563

T Temperature

Taw Adiabatic wall temperature

t ) Time

u Freestream air velocity

u Local air velocity

41

Common_Units

dimensionless

psia

psia

psia

psia
; 2
Btu/sec 't

-1

in

dimensionless

seconds
ft/sec

ft/sec
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| 3 3
% .
SYMBOLS AND DEFINITIONS CONT'D
English Alphabet Symbols Cont'd
Subscripts Description
o] Pertaining to flat plate reference
data
T Stagnation condition
To Freestream stagnation condition
W Used for floor or wall static pressure
or temperature
‘ oo Freestream condition or freestream

statlic condition

42
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APPERDIX II

STRENGTH ARALYSIS

INTRODUCTION

A detailed, formal strength report is not required by the Douglas
Aerophysics Laboratory because facility personnel have been intimately
involved with design and development of the models. An internal
menorandum (A2-260-ABC1-11 dated 2-14-68) published by the Structural
Analysis Branch has satisfied laborstory requirements, so only a

brief sumary of the results will be presented.

MOL Model M208 Strength Limitutions

General

In the ensuing discussions, the terms "load factor" and "margin of
safety"” will have the following meanings:

The margin of safety is defined as
Mn Sn = b -l

Where M. S. is the margin of safety, fa is the materisal

ultimate or yield strength, f is the actual stress, and
L is the load lactor.

The load factor is used as a multiplier of the actual stress

as shown in the equation. Test facilities ordinarily require
that a load factor of 5 be used in conjunction with the materisl
ultimate strength during routine model design.
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APPENDIX II (CONT'D)

Comments concerning the strengtn cf the important model components
follow.

Forward and Aft Metric Filoor Sections

The strength of each nickel floor skin is considered when assemblea
with the respective insulator panel. For & liad of 3 psi tending to
11ft up the flccr. voth the nickel and insulator show a large,

positive mervin ot safety for e load factor cof 5.

Protuberance Models

Since the models ure of very similar comstruction (i.e., the maximum
unsupported ares of nickel is & 3 inch square;, the thruster only

will pe discussed, oecause it experiences the werst loads.

All panels of the mcdule have a margin of safety of at leest +0.47
(ultimate) for a icad factor of 5. Mounting bolts for the module

show a large, positive margin.

The mountiny bolts are the weakest members in the nozzles. The
bolts show a marzin of safety cf st least +C.3¢ (ultimete) based on

a load factor cf ©.

Turntable

The turntable mount and the turntable tie-dcwn tclts, the turntable
base and 1ts tie down bolts sll will withstand 3 psi tending to 1ift
the floor. The smallest margin is +0.22 (uitimate) for a load factcr
of 5.

The turntable skin is the weakest structural member of all model

parts. The skin is point suppcrted cn a beolt spacing cf * 00 inches

in a squsre pattern. For a 2.5 psi differential pressure cn the skin
that causes it to bear on the point supports, a margin of +0.23 (ultimate)
with s load factor of 3 can be shown.
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APPENDIX IT (COFT'D)

When a pressure of 3 psi tending to 1ift the floor is applied to the
turntable skin, a margin of safety of +0.08 (ultimate) with a load
factor of 1 can be shown. This margin will improve when the skin

is precooled to -lOOOF, where the ultimate strength increases by
20%. When the protuberances are mounted, they will contribute to
the strength.

CONCLUSIORS

The strength of the turntable skin is marginal. Preliminary tests
run at the Douglas Aerophysics lLabcratory indicate the adverse
pressure differential of 3 psi will occur during iunnel start,
shoe retraction, and tunnel shutdown, and the duration will be

one-half second.

Ordinarily, the Douglas Aerophysics Laboratory requires that models
exhibit a positive margin of safety for a load factor of five on
the material ultimate strength, or a load factor of three on the
yield strength, whichever 1s smaller. However, acceptance of the
MOL model is consistent with established laboratory policy. Section
5.6 of reference 2, which is concerned with model design criteria,
states, "The recommended allowable stresses for testing without
Schlieren viewing and with glass replaced by steel blanks may be
appreciaily higher and in many cases unrestricted.” The tunnel
will, in fact, be run in the above configuration so the model

meets facility requirements.
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